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1 -EDF standardisation, contractual documentation
The EDF tries, from the protection plan described in the fifth part, to achieve standardised bays. This standardisation ha been concretised by a set of documents designed to make easier the task of person in charge of defining, installing, setting and operating the control, protection and monitoring unit of the transmission network. They are:

- protection plan descriptions,

- equipment specifications *,

- installation directives, included in the substation building directives,

      
- the document " processing of information necessary to the control and the monitoring of the assets of the transmission network". 

      
- the diagram library, which has, for each standardised unit, all the diagram necessary for its installation,

      
- the works code, which defines the commercial procedures with companies performing any kind of work on the EDF transmission network,

      
- the tariff markets, which are agreements signed with suppliers of equipment approved by the EDF,

- the protective relay and automatic device setting guides, ( see sixth part )

      
- the commissioning guidebooks *, ( see § 5 )

- the maintenance guidebooks  *, ( see § 6 )

- the manufacturer guidebooks *.

 Note:  the documents marked with an asterisk refer to the standard  EDF HN 46 R 01, called DICOT. This document has 6 parts:

      
- general dispositions, where are found the references to national and international standard, the structure of the document to be achieved, and the organisation of quality,

      
- qualification and authorisation,
      
- design of functional tests,

    
- installation and using conditions, where are found the technological data on the tresses that the equipment must be able to withstand, 

    
- elements constituting the equipment,

      
- check and test methods, where a number of technological data are specified.

Bibliography [3], [49], [57], [61], [74], [75], [76] [77], [104], [107], [123], [124], [125]
2 - wiring,  precaution  against  overvoltages
The mot stressing phenomena for electronic instruments and secondary circuits located in the substation is the opening of high voltages isolators. Let us consider an isolator maintaining a busbar live.      
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 The busbar may be likened to a capacitor, and the network  to a source of voltage flowing through an inductor.   
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     When the isolator is closed, it is run by a low capacitive current., depending on the capacity of the busbar that it maintain live. When it begins to open, an arc appears between it jaws. This arc i cut when the current passes through zero, and thus the voltage vb has a maximum value Vbm. At this instant, the capacitor is charged to the maximum. After opening, the voltage vb remains equal to Vbm, while the voltage va decreases. When the deviation between va and vb is enough, the arc re - ignites. The capacitor C then forms an oscillating circuit with the reactor L, which creates a damped oscillating voltage and a damped oscillating current, with a frequency from 100 kHz  to 1 MHz.   


 Such re - ignition then occurs at each half wave, for a higher voltage deviation , until the jaws are distant enough.    

These  wave trains then create, by capacitive induction and coupling, over-voltages inside the wiring of the protective relay and the automatic devices of the substation.      


To prevent this, it is necessary to:

       
- use cables with metallic sheath. The ones that give the best result are cables in a copper sheath, this sheath being placed around the insulating material, not as a spiral but like a sheet of cigarette paper. We ue it for all substation, even though it use is really only indispensable in 400 kV. 

       
- have the cables go along paths followed as closely as possible by the ground cables and, generally, have a correct earth circuit,

      
- put sheaths on the ground cable at both end, with the shortest possible connections. 
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3 - Auxiliary  supply
3 - 1 -  Alternating  current  supply 
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* 20 kV for the third winding of the auto-transformers 400 / 225 kV and the power transformers of nuclear power plants.

All substations must have two auxiliary supply a. c. sources. The one is considered as main source, and the other as back up source. The connection of the back up source, in case of failure of the main source, is performed by the flip flop.

The third winding of each power transformer has its neutral point fixed by its auxiliary supply transformer. 

Since the phase to phase faults on the circuit connected to the third winding of the power transformer cannot be detected by the protective relays located on the higher and the lower voltage side, the phases are separated by metallic screen, in the auxiliary supply transformer as well as on the link between it and the power transformer. 

When the power transformer has a YD type coupling, the auxiliary supply transformer is connected to the neutral point coil, which then has a lower voltage (10 kV) winding.  

The not backed up common supply includes heating the control building, a part of the outside lighting, the 250 KVA plug, aimed to supply a transformer oil cleaner when necessary, and the workshops.       

The not backed up bay supply includes heating and lighting of the bay buildings.

The backed up common supply includes the other part of the outside lighting, and the lighting of the control building.       

The backed up bay supply includes supply of the circuit breaker and isolator cabinets, and, for the higher voltage side bays of the power transformers, supply of the tap changer.

In the  63 kV / 20 kV substations, the auxiliary supply transformer are connected to the lower voltage side of the power transformers. There is no diesel generator. Supply of the isolator cabinets and of the tap changers is then performed in direct current, to be backed up by the battery.  

In the substations where there is no power transformer, one source is obtained from the neighbour 20 kV distribution network, and the other by an additional 130 kV diesel generator.      


3 - 2 - direct current supply
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The battery supplying the telecommunication equipment has its terminal + directly connected to the earth. The other batteries are connected to the earth by a middle point through a resistor and an over-current relay which signalises the insulation faults between the + and - polarities on one hand, the earth on the other hand. 

Are supplied in direct current the equipment that must imperatively operate during a disturbance (the figures refer to the diagram above):

        
- protective relays (3),

        
- equipment for carrier aided distance schemes (2 et 3),

        
- automatic devices (3),

        
- disturbance recorders (3),

        
- event recorders (1), 

        
- remote terminal units(2),

        
- circuit breaker control circuits (3),

        
- signalling circuits (1),

 In addition, are also connected the equipment whose operation is indispensable in case of a long outage:

        
- sensors (3), 

        
- transformer automatic voltage regulation devices ( 3),

        
- safety telephone (2).

 The counting equipment is supplied by alternating current, backed up if possible, since each one has an internal battery with an autonomy of 8 days.     


Note: the 90 kV / 20 kV or 63 kV / 20 kV substations have no bay buildings. The battery located inside the control building supplies the protective relays and the automatic devices. It is then doubled. 
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4 - ORGANISATION   of control and monitoring
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The control is performed in the following way:

      
- each bay  sends to the substation control building all the signals making it possible to operate the network,, analyse faults and identify damages on assets, gears and secondary equipment, 

      
- in the control building of each substation, all these signal are recorded, with the exception of sensor measurements. They are available on the event recorder and the restitution unit of the disturbance recorder which may be interrogated from a distance in deferred time.

 They are sorted and grouped to be sent immediately to the grouped control desk by a remote terminal unit. 

The ones which are necessary for operation can be sent to a local mimic diagram console if the substation is locally controlled, i. e. in case of remote terminal unit outage. The switch-gears can be manoeuvred from the mimic diagram.  

 In normal situation, no one remains permanently in the substations, but in the one where the grouped control desk is located.

      
- at the grouped control desk is employed a staff of 7 to 12 persons whose main task is the everyday preventive maintenance of the assets, gears and secondary equipment of the substations connected to it. In addition, when the remote terminal unit from the regional control centre is not available, this staff ensures operation of the substations, on order by this centre, sent by telephone. For this, the signals necessary for running are received and are displayed on a mimic diagram console.   

 The signals that concern equipment damage are grouped and always sent to a grouped control desk. Their goal is to launch a visit to the substation source of the signal by a man of the staff, or another person delegated by him. This man finds in the substation the whole of the signals allowing to repair the damage. He can also, before moving to the substation, question its recorders by modem.   

 People which are employed at the grouped control desk only work during business hours, but the rest of the time they are, by rotation, under obligation, i. e. they remain at home so they may be reached in case of an incident. At that time, an alarm warn them at their home.

- at the regional control centre, is received all information making it possible to run the network, including the information coming from the sensors. Here is decided all concerning the 225 kV, 90 kV and 63 kV networks. This centre has the control of the switch-gears; but it does not receive information concerning the monitoring of the assets, gears, and secondary equipment. 

 The personnel who ensure operation from the regional control centre, namely about thirty persons, is present permanently by rotation on business days and holidays, at all hours day and night.

- at the national control centre, is received information making it possible to operate the 400 kV network. Here is decided what concerns this super-grid, but the manoeuvres are executed from the regional control centre. Here to, the personnel is available, day and night, from the first of January to the saint Sylvester. 

5 - commissioning  tests  for  new  bays.
Before start up, the bays undergo test designed to check their aptitude for fulfilling the functions for which they were designed. These test are performed by persons who will then be in charge of operating the network.

To achieve the tests of standardised bays, these persons own the following documents:

        -the standardised bay file, established by the EDF,

        - the bay commissioning guidebook, established by the EDF,

        - the guidebook of each equipment , and more especially, for each one, the commissioning instructions.  It is established by the manufacturer, in conformity with the DICOT, 

        - the bay setting note, established for each bay by the person responsible for the setting of the bay.

If the bay is not standardised, additional documents must be created.

They have available the following test equipment:

        - dummy network

 Its role is to send on the  protective relays and to the  reclosers voltages and current simulating a sequence of  short circuit appearance and clearance. This equipment is performed by using a low power network supplying operational amplifiers which deliver voltages and currents identical to the ones supplied by the reducers. It can be driven by a microcomputer, which is also used to read the results.
        - dummy circuit breaker and isolator.

 Its role is to loop the preceding system by simulating the behaviour of the circuit breaker and isolator. Example:

. before time t = 0, the dummy network sends 3 balanced voltage and 3 balanced current simulating normal operation,

. at time t = 0, the dummy network , on an external order, modifies the voltage and the current of the phase r to simulate a short circuit, 

. at time t = 40 m, the relay send its tripping order toward the dummy circuit breaker and towards the recloser, 

. at time t = 90 ms, the dummy circuit breaker sends an order to the test network which cuts the current on the phase r, and restores the voltage on the busbar.

. at time t = 1540 ms, the recloser sends a reclosing order towards the dummy circuit breaker, which fails because the latter was programmed in recovery.  The recloser sends a three phase tripping order to the circuit breaker and, 60 seconds later, attempts a dead line charging. For this, it uses a busbar voltage, elaborated by the dummy network and routed by the dummy isolators. 

       
- test equipment for special tests. for example, injection transformers to test the voltage limiter of high performance current reducers.

The commissioning test must only begin when work on the installation has finished. They take place in three steps:

      
- step n°1,

. check the measurement reducers. see second part, § 5
. check the continuity of their secondary circuits,

. check the direct current supply, 

. check the interface between the bays and the control and monitoring equipment.

   
- step n°2,

. calibration of the relays and automatic devices. The setting values are displayed on the equipment, previously disconnected from each other. Each equipment is checked with the dummy network. 

        
- step n°3,

. functional test of the whole. The relays and automatic devices are entirely connected together. Solicitations are sent by the dummy network towards the bay, which activates the dummy circuit breaker. This last one sends orders and information towards the bay and the dummy network. These sequences can be either controlled by the operator, or performed by a pre - established program. 

- step  n° 4,

. final test with control of the real circuit breaker.

It is most important to check the correct connection of the phasors of the line or of the power transformer to the cell, as well as the   identification of the phasors of voltages and currents on the secondary circuits of the reducers, so as the directional modules of the sensors and protective relay are correctly oriented. 

The used method is:

We run the energy through the new connection, and we measure, with a wattmeter, the following active powers: 

         __

        __

        __

Vr * Ir

Vr * Iy

Vr * Ib

         __

        __

        __

Vy * Ir

Vy * Iy

Vy * Ib

         __

        __

        __

Vb * Ir

Vb * Iy

Vb * Ib   

We note the results in a matrix displayed as above. 

If the structure of the matrix is as follows,
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(negative transit)

with  = 0,

the connection and the identification are correct.

If the structure of the matrix is the following:
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 the rotation sense is correct but the phases of the voltages do not correspond to the phases of the currents. 

If  ( 0,

the connection of the wattmeter is not correct.

If, for example
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for  I or for V
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At the end of these tests, the person having achieved them furnish a report from data sheets contained in the commissioning guidebooks, inform by mail the various staffs concerned of the setting values displayed. They enter these values into a centralised data base located at the regional control centre. In this data base are listed all the primary and secondary equipment, their sub - assemblies and their settings. This data base is called  OCCITANE (outil conventionnel concourant à l'informatisation des tâches nécessaires à l'entretien). 
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6 - PREVENTIVE MAINTENANCE 

We practice two types of preventive maintenance on the bays:


- annual manoeuvre of the switch-gears. This manoeuvre is performed by making a protective relay send a single phase on each pole, and then a three phase tripping order. Its aim is the check of all the control route of the circuit breaker, but the check of the protective relay is very partial; 

        
- step n° 2 defined in the § 5. This test needs 2 or 3 days for 2 persons;

        
- all the steps defined at § 5. This test needs one or two weeks for 2 persons.

 Economic studies have shown that the optimal time between two maintenance operations of the second type varies from 2 to 6 years, depending on the size of the bay. The ones which participate in the protection of large interconnection links, as well as the ones for assets whose loss may cut the supply to a large urban centre or to an important customer, must be checked more often than other bays. 

These operation, to be able to be done conveniently and without risk, must be achieved with the bay off the network. This is why cut-offs necessary for the upkeep of primary equipment (circuit breaker, tap changer, ...) must be taken advantage of, as well as for nuclear power plant output links, the period of reactor reloading, even if it entails deviating notably from optimal calculated periodicity. 

In the future, if digital protective relays are a reliable as electronic relays are today, and if more they are endowed with high performance elf inspection systems, the periodicity could be lengthened.

Maintenance operation of the third type are generally achieved when the bay undergoes important upgrading. 

7 - INCIDENT ANALYSE    

 This function is fundamental for network operation since this makes it possible to validate or not the choices which have been made concerning the protection system used and to improve this system.

it is performed from the recordings of the event recorders and of the  disturbance recorders. It requires, for the person responsible of these analyses, a good knowledge of the network and equipment. in addition, it is a good training for this person.

Generally, a first analyse is done by persons of the grouped control desk staff, then, if the incident is complex, a specialist completes this analyse.

Example of incident report:

63 KV   loop around the town of   TROYES 

                                               
Incident report from august 27, 1991 at 6:55 a. m.

7 - 1 - Chronology of the incident (see operating diagram on following page)

to=6 h 55 mn 11s 60 c 
(seen on the disturbance recorder)

appearance of neutral current on the 63 kV side of the Creney power transformer

t = to + 5 s 02 c            
(seen on the event recorder)


tripping by 63 kV side neutral current of the Creney 637 power transformer, on both sides 

t = to + 5 s 05 c            
(seen on the event recorder)


tripping by lower voltage side neutral current of the Creney 634 power transformer, on both sides

t = to + 5 s 21 c            
(seen on the event recorder)


tripping by lower voltage side neutral current of the Creney 633 power transformer, on 63 kV side only. (system designed to maintain live an auxiliary supply transformer).

The 63 kV busbars of the substation of Creney is supplied by the substation Froncles, via Ailleville. 

t = to + 6 s 39 c           
(seen on the event recorder)


tripping by zero sequence power relay of the end Polisot at Creney. 

t = to + 6 s 89 c           
(seen on the event recorder)

tripping by zero sequence power relay of the end Creney at Polisot.


t = to + 18 s                  
(seen on the event recorder)

tripping by relay against load transfer of the end Arcis - Fère at Creney

t = to + 25 s                  
(seen on the event recorder)

tripping by relay against load transfer of the end Creney - La Morge at Ailleville


t = to + 33 s                  
(seen on the event recorder)


tripping by loss of voltage of the end Haut Clos at Creney 

t = to + 33 s                 
(seen on the event recorder)

tripping by loss of voltage of the end Troyes industrie 1 at Creney

t = to + 36 s                 
(seen on the event recorder)

tripping by loss of voltage of the end Ailleville - La Morge at Creney

t = to + 12 mn           
(seen on the event recorder)

Manual opening of Troyes Est 2; Troyes Industrie 2; Romilly, Arcis.


t = to + 13 mn             
(seen on the event recorder)

Manual opening of the power transformer Y 312; coupling 63 kV at Creney. Disabling of the loss of voltage automatic devices. 

t = to + 17 mn              
(seen on the event recorder)

Energising of the busbar n° 1 of Creney by La Morge. This busbar is safe. De - energising.


t = to + 20 mn              
(seen on the event recorder)


Energising of the busbar n° 1 of Creney by the power transformer 633.

t = to + 21 mn             
(seen on the event recorder)

Energising of
Troyes Industrie 1; Hauts Clos; Troyes Est  2 by dead line charging.

t = to + 21 mn              
(seen on the event recorder)


reclosing of Troyes Industrie 2 by live line meshing.

t = to + 22 mn              
(seen on the event recorder)


Energising of the power transformer 634 by the busbar  225 kV, then live line meshing on the busbar 1.

t = to + 23 mn               
(seen on the event recorder)

Energising of the busbar n° 2 of Creney by La Morge. This busbar is safe.


t = to + 24 mn              
(seen on the event recorder)

Energising of the power transformer 637 by the busbar  225 kV, then progressive re - energisation of the network.

7 - 2 - Operating diagram

The grouped control desk is inside the Creney substation. The 63 kV network coming from Creney is meshed on other 225 kV substations through the substations of Ailleville, Arcis and Romilly. 

7 - 3 - Repercussions: outage of

- Troyes Industrie
: 16 MW for 21 mn
- Romilly   : 13 MW for 30 seconds (automatic flip flop)

- Haut Clos

: 14 MW for 21 mn
- Maladière and Aix en Othe    : 12 MW for 21 mn

- Troyes Est                   
: 16 MW for 22 mn 
- Creney 33 kV                         : 29 MW for 33 mn
           - Romilly                         
: 13 MW for 30 seconds (automatic flip flop) 

- Arcis                    
: 15 MW for 40 seconds (id)
7 - 4 - Analyse of the incident

7 - 4 - 1 -  Researches on fault clearance

        
- check of the zero sequence power protective relay  of the bay  Polisot at Creney- 
good.

        
- check of the "current" circuit supplying it- 




goods.

- check of the settings of the zero sequence power relays and of the overcurrent relays placed on the 63 kV neutral point of the Creney power transformers. 

The selectivity is not always ensured: 

The tripping of the circuit breakers of the power transformers by over-current protective relay may happen before the one of the end Polisot by zero sequence power relay for certain very resistive faults on the line Creney-Polisot.

7 - 4 - 2 - Research of the origin of the fault on the line Creney-Polisot  

The line maintenance team visited the line. Among the various observations made, the most interesting seemed to be the presence of a white dust on three tower and their insulators, linked to work on a motorway being built.       

7 - 5 - Solution for the protection system

The over-current relays of the 63 kV neutral connection were given two thresholds, set differently in current and in time, which made it possible to guarantee selectivity.       
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8 - Corrective maintenance
The troubleshooting of an equipment on site is initialised either by the conclusions of an incident analyse or by the detection of an anomaly during a preventive maintenance operation. It requires tests of the same type as the commissioning test n° 2 , and consequently the same documents and the same test equipment. It generally means changing a printed circuit or sub - assembly.

The spare parts may be :

        
- EDF stores (one store per region), 

        
- manufacturer stores, made available to the EDF by contract.

The troubleshooting of the prints and sub - assemblies is completed, depending on the case, in the EDF regional laboratories or by a manufacturers.
9 - EXPERIENCE feedback
Its goal is to inform us of the causes of errors present in the protection system and susceptible of provoking erroneous operation.    
9 - 1 - TYPES  of  error
There are five types:
 9 - 1 - 1 - Wiring errors found during commissioning
They can come from:
        
- diagram errors. In this case, an action is launched with persons of EDF responsible for these diagrams;

        
- non - observation of these diagrams by the equipment manufacturer or installer. This one is at fault.

9 - 1 - 2 -  Bad design of the protection system
It is generally noted during an incident analysis. Its observation can lead either to improving a detail, or to a modification of the protection plan, the latte being accompanied  by seeking equipment with better performance.
Example: the problem of the 63 kV loops seen in the  fifth part, § 144 lead to the installation of differential busbar protective relay on some 63 kV substations.
9 - 1 - 3 - Error of principle in the equipment working
They are detected by incident analysis. They generally lead to establishing a corrector by the manufacturer. This corrector is then applied on new equipment and, if necessary, on operating equipment.

9 - 1 - 4 - Equipment failure
 They were mentioned in § 8. 

9 - 1 - 5 - Manipulation errors
 They occur basically during corrective maintenance operation, or partial modification of previously operating bays.     
 

9 - 2 - ORGANISATION   OF  EXPERIENCE  FEEDBACK
9 - 2 - 1 - Commissioning
 They give rise to a report which is sent to the diagram designers. The latter, after having modified the diagram, decides if the already operating bays of the same type should be modified. 
9 - 2 - 2 - Bad design of the protection system
 Incident report involving the protection plan are analysed by a national committee, where each region is represented. 
9 - 2 - 3 - Error in the principle of equipment working.
 The supervision of the equipment working is organised by a national committee, which dispatches this task to the regions, each of them being in charge of a part of this equipment. However, the modifications are decided by the national committee.

9 -2 - 4 - Equipment failure.

They are collected in the form of anomaly file and repair files, which are entered into a microprocessor. This data base, joined with the OCCITANE data base (see § 5), makes it possible to process the statistics that may lead to identifying  the equipment which has defective quality, and the weak element inside the equipment. This processing also make it possible, for old equipment, to detect the appearance of age indication and to program replacing the equipment. 

9 - 2 - 5 - Manipulation  errors
 Each of them is analysed as completely as possible, listed and commented with all those activity could have led them to make the same error. This action is only possible if there is a good climate of confidence among all the manipulators and their hierarchy, failing which the author of the manipulation error, feeling he is accused, will try to hide the truth.
Bibliography [85]
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